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Abstract
Cod fillets (Gadus morhua) were packed under modified atmospheres, with four differ­
ent gas compositions (60% CO2-10% Or 30% N 2, 60% COr 20% Or 20% N 2, 60% COr  
30% O2-10% N 2, 60% CO2-40% 0 2), and stored at 6°C. Plate counts were carried out 
after 3, 4, 5, 6 and 7 days, to follow the growth of aerobic and anaerobic bacteria, lactic 
acid bacteria, H2S-producing bacteria and Enterobacteriaceae. The production of total 
volatile bases (TVB) and trimethylamine (TMA), and the changes in pH o f the fillets were 
measured. Modified atmosphere packaging (MAP) had in general an inhibitory effect on 
the growth of the microflora but limited inhibition of the production of TVB and TMA. 
Despite the fact that increased oxygen proportions in the atmosphere contributed in a 
slightly lower production of TMA, all the samples had a TVB and TM A content high 
enough to  be considered as spoiled after 4 days’ storage at 6°C. A total aerobic plate 
count at 25°C of a  IO6 cfu/g, combined with the presence of only a IO3 cfu/g of H2S-pro- 
ducing bacteria, which are normally considered as TMAO-reducing organisms in fish, 
cannot explain the strong increase in TMA. A high cell concentration of more than IO8 
cfu/g of Shewanella putrefaciens is required for production of a TM A level normally 
found in spoiled fish. This suggests that there could be another type of bacterium in fish, 
not involved in the spoilage of unpacked fish, which is resistant to 60% C 0 2, is not 
H2S-producing, and shows a high TMAO-reducing capacity. This bacterium could be 
Photobacterium phosphoreum.
* C orrespond ing  au th o r. Tel: +  32 9 2646177; fax +  32 9 2255510.
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1. Introduction
F ollow ing  early rep o rts  th a t  ca rb o n  d ioxide enriched  a tm o sp h e re  p ro longs the 
m a rk e t life o f  fish (C oyne, 1932; Shew an, 1950), considerab le research  has been 
d o n e  to  show  th a t m odified  a tm o sp h e re  packaging  (M A P) ex ten d s  th e  shelf-life 
o f  fish a n d  fishery p ro d u c ts  (S ta th a m , 1984; F ä rb e r  e t al., 1990; S tam m en et al., 
1990). C a rb o n  d iox ide is especially effective in  in h ib itin g  the  typical 
H 2S -producing  spo ilage m ic ro flo ra  (Jensen e t al., 1980)
T h e  m icrob ia l flo ra  o f  fish from  sea w ate r consists o f  G ram -negative , 
p sych ro tro p h ic , ae ro b ic  o r  facu lta tive  an aero b ic  b ac te ria : Pseudom onas ,
A lterom onas , Shew anella , M oraxella , A cinetobacter , Flavobacterium , Cytophaga  
an d  Vibrio (D ebevere an d  V oets, 1974; G ram  et al,, 1987; H u ss, 1988). T h e  m ost 
active o f  th e  spoilage b ac te ria  a re  Shew anella pu trefaciens  (p rev iously  know n  as 
A lterom onas p u tre fac iens) a n d  ce rta in  Pseudom onas, Vibrio a n d  A erom onas  spp. 
(Shew an, 1977; D o n a ld  an d  G ib so n , 1992). These bac te ria  a re  classified as 
H 2S -p roducing  b ac te ria  th a t can  be en u m era ted  on  the I ro n  A gar 3 selective 
m ed ia  o f  G ram  (G ram  et al., 1987). M o st o f  these b a c te ria  a re  facu ltative 
an aero b ic  m icroorgan ism s. W hen  oxygen levels are dep leted , T M A O  w hich is a 
ch arac teris tic  p a r t o f  the  n o n  p ro te in  n itrogen  frac tion  (N P N ) o f  th e  fish m uscle 
(H uss, 1988), serves as a  te rm in a l electron  accep to r fo r a n a e ro b ic  resp ira tion  
(E aste r e t al., 1983) an d  is reduced  to  tr im ethy lam ine (TM A ).
T h e  to ta l vo latile bases frac tio n  (TVB) includes am m onia , m onoethy lam ine , 
d im ethy lam ine a lo n g  w ith  trim ethy lam ine  (TM A ). TV B is p a r t  o f  th e  N P N  
frac tio n  o f  th e  fish m uscle as well. T h e  residual by th e  su b tra c tio n  o f  T M A  from  
T V B  is called fo rm a lin -b o u n d  vo la tile  n itrogen  (FB V N ), acco rd in g  to  the  D yer 
m e th o d  fo r  T M A  d e te rm in a tio n  (D yer, 1945). T h is fraction  o f  T V B  can  increase 
slightly d u rin g  s to rag e  due to  som e reactions o f  au tolysis a n d  deam ina tion . 
T M A  a n d  TV B are  co nsidered  responsib le  fo r u n p leasan t ‘fishy’ o d o r.
F re sh  cod  no rm ally  h as  less th a n  20 m g N /100  g TV B  a n d  3 m g N /1 0 0  g 
T M A . W hen  the  level o f  TV B  a n d  T M A  exceeds 35 m g N /100  g a n d  15 mg 
N /100  g respectively, the  fish is considered  spoiled (C onnell a n d  S hew an, 1980; 
H uss, 1988).
In  this study  m odified  a tm o sp h e re  packag ing  w as applied  on  fresh  cod. F o u r 
d iffe ren t gas m ix tu res w ere used. In  all fo u r  cases the  p ro p o rtio n  o f  C 0 2 w as a t 
the relatively h igh level o f  60%. T h e  p ro p o rtio n  o f  oxygen w as se t a t  10, 20, 30 
an d  40% , respectively. T h e  objective w as to  exam ine th e  inh ib ito ry  effects o f 
C 0 2 on  the  m ic ro flo ra  o f  th e  cod  a n d  to  investigate th e  p ro d u c tio n  o f 
T V B -T M A  in re la tion  to  a  variab le  availab ility  o f  oxygen.
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2. M aterials and methods
2.1. Sam ple preparation
F re sh  cod  fillets (Gadus m orhua ) w ere d ivided in  po rtio n s o f  100 g each , a n d  3 
p o r tio n s  w ere p laced  in po lypropy lene (PP) tray s  (15 cm  x 10 c m  x 5 cm ). T he 
trays w ere then  in tro d u ced  in  25 cm  x  35 cm  p lastic  bags w ith  h ig h  oxygen barrier 
(S idam il, U C B  T ran sp ac , Belgium ). T h e  p lastic  bags a re  m a d e  o u t o f  PV D C , 
lam in a ted  w ith  polyester, an d  have a  gas-perm eab ility  o f  6 cc /m 2/24  h fo r 0 2, 2 
cc /m 2/24  h fo r N 2 an d  15 cc/m 2/24 h  fo r C 0 2 a t 25°C an d  100% R H . T he bags were 
filled and  sealed w ith  an  A-300, D o w n ers  grave (C V P System s In c .), packag ing  set. 
T h e  follow ing m ix tures were used: 60% C 0 2, 10% 0 2, 30% N 2 (G 613), 60% C 0 2, 
20%  0 2, 20%  N 2 (G622), 60%  C 0 2, 30%  0 2, 10% N 2 (G631), 60%  C 0 2, 40%  0 2, 0% 
N 2 (G640). O ne volum e o f  m odified  a tm o sp h e re  (300 m l per 300 g o f  fish) was 
added . F ive sam ples o f  each gas m ix tu re  w ere s to red  a t 6°C  an d  95%  R H . T h e  day 
the  sam ples w ere p repared  w as considered  as day  0. A t days 0, 3, 4, 5, 6, an d  7 
chem ical an d  m icrob io log ical analysis w ere perform ed.
2.2. M icrobiological analysis
T h irty  g o f fish sam ple w ere collected  asep tically  in  a s to m ach er b ag  an d  dilu ted  
ten  tim es w ith  sterile physio logical sa line -pep tone  so lu tion  (PS, 0 ,85%  N aC l, 0.1% 
p ep to n e , pH  7). A fter hom ogenizing  in a C o lw orth  S to m ach er 400 (Sew ard 
L ab o ra to ry , L o n d o n , E ngland , U K ), a series o f  tenfo ld  d ilu tions w as m ade  in  PS 
fo r  m icrob io log ical analysis.
T o ta l n u m b er o f  bac te ria  w as determ ined  as p o o r  p la te  co u n ts  in P C A  (P late 
C o u n t A gar, O xoid  C M 463) a fte r in c u b a tin g  fo r 5 days a t 25°C. T h e  n u m b e r of 
an aero b ic  bac te ria  w as determ ined  as p o o r  p la te  coun ts in P C A  b u t incu b atio n  was 
ca rried  o u t in an  an aero b ic  ja r ,  fo r 5 days a t 25°C. L actic  ac id  bac te ria  were 
determ ined  as p o o r  p la te  co u n ts  in  M R S  ag a r  (O xoid  C M 361) w ith  a cover layer 
a f te r  5 days a t 30°C. Enterobacteriaceae  w ere determ ined  as p o o r  p la te  co u n ts  in 
V io le t R ed  Bile G lucose A gar (V R B G A , O xoid  C M 485) a fte r 24 h  incu b atio n  a t 
37°C. H ydrogen  su lfide-producing  bac te ria  w ere co u n ted  as b lack colon ies o f  p o o r 
p la te  co u n ts  in Iro n  A gar Lyngby (O xoid  C M 867) w ith cover layer a fte r 5 days a t 
30°C.
2.3. Chem ical analysis
B efore open ing , the  gas com position  o f  the  bags w as determ ined  w ith  a Servom ex 
gas ana lyzer (F o o d  P ackage A nalyzer, Series 1400).
Im m ediate ly  afte r opening , 10 g from  each  b ag  w as aseptically  collected and 
p laced  in the  in n er flask o f  the  A n to n ac o p o u lo s  s team -d istilla tion  a p p a ra tu s  
(A n to n ac o p o u lo s , 1960). S team  d istilla tion  fo r th e  co llection  o f  th e  T V B  w as 
ca rried  o u t acco rd ing  to  the m e th o d  o f  L üecke an d  G eidel (Vyncke, 1969). The 
d istilla te  w as titra te d  by  0.1 N  H 2S 0 4 (p .a .) w ith  m ethy l-red  as ind icato r. B efore the
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a d d itio n  o f  the  in d ic a to r  in  the distillate, 2 m l w ere collected  f o r  trim ethy lam ine 
analysis. T M A  w as determ ined  using the  D yer sp e c tro p h o to m e tr ic  m ethod  
(D yer, 1945). T h e  ab so rb a n ce  a t 410 nm  w as m easu red  w ith  a  B ausch  and  
L om b , S pectron ic  1001 spec tropho tom ete r.
N ex t, 100 g  o f  each b ag  was b lended separate ly  a n d  pH  w as m easu red  in  the  
b lended  fish m uscle w ith  an  Ingo ld  sharp  p o in t e lec trode c o n n e c ted  to  a K nick , 
M ulti C lim atic , M icro p ro cesso r pH -m eter.
3. Results
3.1. M icrobiological analysis
Fig. 1 show s a  p o o r  increase in  the  n u m b e r o f  th e  to ta l a e ro b ic  bac te ria  fo r 
all o f  th e  gas a tm o sp h e res  applied . S to rage  a t low  te m p era tu re  (6°C ) in  co m b i­
n a tio n  w ith  th e  presence o f 60% C 0 2 in h ib its  b ac te ria l g ro w th . N o  difference 
can  be observed  betw een  the  to ta l ae ro b ic  co u n ts  fo r the  d iffe ren t gas m ix tures.
T h e  n u m b e r o f  an a e ro b ic  bac te ria  did n o t inc rease  d u ring  th e  first 3 days 
(F ig . 1), w hich can  b e  a ttr ib u ted  to  the  in h ib ito ry  effect o f  C 0 2 a t  low te m p era ­
tu re  (6°). F ro m  th e  fo u rth  day  on, an  exp o n en tia l increase o f  the  an aero b ic  
c o u n t w as observed  a n d  subsequently  it reached  th e  sam e levels a s  fo r the  to ta l
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days in mod ified atm osphere packaging
Fig. 1. B acterial p la te  co u n ts  (aerobic — ©— , anaerob ic  — O  — , lactic acid bacteria  — # — , 
H 2S -p roducing  bacte ria  — ■ — , Enterobacteriaceae — □ — ) on  cod fillets p a c k e d 'u n d e r  modified 
atm osphere  (G 613, G 622, G 631, G640) fo r  7 days.
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aero b ic  b ac teria l p la te  c o u n t a t  th e  seventh  day. In  th e  gas a tm o sp h e re  G 613, 
th e  increase o f  the  an a e ro b ic  c o u n t was slow er co m p ared  to  th e  o th e r  a tm o ­
spheres.
Lactic  acid  b a c te ria  increased  by  1 - 2  logarithm ic  u n its  d u r in g  7 days in 
m odified a tm o sp h e re  p ack ag in g  (Fig. 1). T here  is no  d ifference in  the lactic acid 
b ac te ria  p la te  co u n ts  am o n g  the  gas m ixtures.
H ydrogen  sulfide p ro d u c in g  bac te ria  increased 2 - 3  log u n its  in  7 days s ta rtin g  
from  the  th ird  day , except in  th e  G 640 atm osphere  w here th e re  w as an  early 
o u tg ro w th  (F ig . 1). In  no  case th e  co u n t o f  H 2S -producing  b a c te r ia  reached  the 
spoilage lim it o f  IO7 cfu/g.
Incidence o f  E nterobacteriaceae  w as observed only afte r 4 d a y s  in th e  G 613 
an d  G640 a tm o sp h e re  a n d  a fte r 5 days in G631 an d  G 622 a tm o sp h e re  (Fig. 1). 
F u rth e r  g row th  w as very  slow. O n  the  seventh  day  10 cfu /g  w e re  presen t, except 
fo r the  G 640 a tm o sp h e re  w here g row th  was slightly  faste r a n d  100 cfu /g  were 
co u n ted  finally (F ig . 1)
3.2. Chem ical analysis
T h e p ro p o rtio n  o f  C 0 2 in  the  a tm osphere  o f  the  packages d ec reased  un til day
4 because o f d iffu sion  in to  th e  fish m uscle (results n o t show n). F ro m  d ay  5 on,
the  co n ten t o f  C 0 2 increased  aga in  due to  b ac teria l a n d  en zy m atic  activity. 
R eciprocally  to  th e  C 0 2 co n ten t the  p ro p o rtio n  o f  0 2 in c reased  u p  to  d ay  4. 
D ue  to  resp ira tio n  o f  b ac te ria  th e  p ro p o rtio n  o f  0 2 decreased  la te r  on.
T h e  p ro d u c tio n  o f  T V B  w as co n tin u o u s in all a tm ospheres (F ig . 2). T M A , like 
TV B, is con tinuously  p ro d u ce d  d u rin g  7 days sto rage  in  M A P . F ro m  d ay  5 on, 
the  ra te  o f  T M A  p ro d u c tio n  d iffers depend ing  on  th e  p ack ag in g  a tm o sp h e re  and 
it can  be seen th a t h igher levels o f  oxygen delay  th e  p ro d u c tio n  o f  T M A .
A s a consequence o f  TV B p ro d u c tio n  a  sligh t increase in p H  w as no ticed
d u rin g  the  first 4 days o f  s to rag e  (T able 1). D iffusion  o f  the  C 0 2 in  th e  fish 
m uscle show s a  ce rta in  c o u n te r  effect on  the  p H  increase by T V B  p ro d u c tio n , 
resu lting  in  a  s tab iliza tio n  o f  the  p H  a ro u n d  6.7.
4. Discussion
D esp ite  the fac t th a t  the  to ta l n u m b er o f  bac te ria , de te rm in ed  in  P C A  at
25°C , w as rela tively  h igh  a t d ay  0 ( ~  IO6 cfu/g) it d id  n o t increase significantly  
a n d  rem ain ed  below  IO7 cfu /g  (F ig . 1). T he c a rb o n  d iox ide a tm o sp h e re , w ith  
variab le  p ro p o rtio n s  in  oxygen, can  b e  considered  effectively in h ib ito ry  on  the 
to ta l ae rob ic  flora. T h is  co m p o sitio n  o f  a tm osphere  is in acco rd an ce  to  m ost 
reco m m en d a tio n s a n d  p rac tices fo r ‘seafood ’ suggesting  a n  in itial co n cen tra tio n  
o f  C 0 2 betw een  30 a n d  60%  (D avis, 1993). T iffney a n d  M ills (1982) fo u n d  th a t 
0 2 actua lly  increased  the  she lf life o f  w hite fish in co n tro lled  a tm osphere . 
R o b e rtso n  (1993) p ro p o se s  a  m ix tu re  o f  30% O 2-40%  C O 2-30%  N 2 fo r n o n  fa tty  
fish and  40%  C O 2-60%  N 2 fo r fa tty  fish. Sacks an d  G o re  (1987) inc luded  40%
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Fig. 2. TV B ( — ■ — ), T M A  (— □ — ) and FB V N  (— — ) p roduction  in cod fillets packed under 
m odified atm ospheres (G613, G622, G 631, G 640) fo r 7 days. (FB V N  =  T V B -TM A ).
0 2 a n d  60%  C 0 2 as an  a lte rn a tiv e  fo r w h ite  fish. O n  the c o n tra ry , K im ber (1984) 
dec la red  th a t fish requires an  ine rt m ix tu re  o f  C 0 2 and  N 2, and  th a t  care is ta k en  
to  rem ove any  0 2.
H ow ever, significant p ro d u c tio n  o f  TV B an d  T M A , w hich co n trib u te s  to  a 
negative effect on  the  o rg an o lep tic  q u a lity  o f  the  fish fillet, was n o ticed . Increase  in 
TV B  is m ain ly  ascribed  to  T M A  p ro d u c tio n  ra th e r, th a n  to  the  p ro d u c tio n  o f  o th e r 
vo la tile  bases (Fig. 2). T here  a re  n o t m a n y  references o n  th e  re la tio n  o f  th e  gas 
m ix tu re  to  the  spoilage by T M A  p ro d u c tio n . A ccord ing  to  E aste r (1982) oxygen 
exerts an  inh ib ito ry  effect on  the  T M A O -red u c tase  activ ity  o f  A lterom onas  spp., 
w hile C 0 2 has an  ind irect inh ib ito ry  effect on  th e  sam e enzym e by  reduc ing  the  pH  
to  ~  6. E as te r e t al. (1982) p roved  th a t T M A O  reduc tase  has an  o p tim u m  activ ity
T ab le  1
C hanges in pFI values o f  cod fillets stored  fo r 7 days under modified atm osphere packaging
D ays G613 G622 G631 G 640
0 6.33 6.33 6.33 6.33
3 6.48 6.53 6.40 6.41
4 6.74 6.60 6.70 6.91
5 6.76 6.66 6.79 6.69
6 6.70 6.63 6.68 6.71
7 6.64 6.69 6.75 6.69
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a t p H  6.8. A s it is d em o n stra ted  in  T ab le  1, th e  pH  o f  cod  in c reased  from  the 
in itial p H  o f  6.33 to  ~  6.7, enhancing  the  activ ity  o f  T M A O -red u c tases . T h ere ­
fore V ilem ure e t al. (1986) suggested th a t  the  s to rag e  tim e o f  cod  fillets, sto red  
in  25%  C 0 2-75%  M 2  co n tro lled  a tm o sp h e re  a t 0°C , shou ld  b e  restric ted  to  7 
days on  the  basis o f  TV B production . D av is (1990) used a  g as  m ix tu re  o f  40%  
C O 2-30%  O 2-30%  M2  fo r cod  fillets s to red  a t  0, 5 an d  10°C a n d  observed  the 
T M A  score increasing  rap id ly  a fte r 11, 4 an d  3 days respectively.
In  F ig. 1 it can  be seen th a t the ae rob ic  flora show s a facu lta tiv e  anaerob ic  
b eh a v io u r an d  is resis tan t to  C 0 2. L actic  ac id  b ac te ria  a re  c a rb o n  diox ide to le r­
an t to o , b u t referring  to  H an n a  (1992) the ir g ro w th  in fish is lim ited  fo r the  first 
14 days. T h e  inh ib ition  o f  Enterobacteriaceae by c a rb o n  d io x id e  has been re­
p o r te d  several tim es in the p as t by o th e r  researchers (G ili and  T a n , 1979; C oyne, 
1933; H aines, 1993). A  m a jo r p a r t  o f  the  H 2S -p roducing  b a c te ria  is facu lta tive  
a n a e ro b ic  a n d  has the  ability  o f  reducing  T M A O  to  T M A  (H uss, 1988). H y d ro ­
gen sulfide p ro d u c in g  bac te ria  represen t on ly  a  sm all p a rt o f the  to ta l flora in 
cod  fillets p ack ed  in  C 0 2-atm osphere  (Fig. 1).
By co m p arin g  the  fo u r types o f  gas a tm o sp h e re  G 640 a tm o sp h e re , (60% C 0 2, 
40%  0 2) can  be considered  as th e  m o st effective fo r the in h ib itio n  o f  T M A  
p ro d u c tio n . T h e  h igher oxygen ava ilab ility  in  th is  a tm o sp h e re  leads to  a  low 
u tiliza tio n  o f  T M A O  as a  secondary  electron  accep to r. H ow ever, it  has to  be 
n o ted  th a t  the app lica tion  o f  a  G 640 a tm o sp h e re  can  n o t en tire ly  preven t the 
spo ilage by  T M A . A pp lication  o f  h igher oxygen levels could  possib ly  reduce the 
p ro d u c tio n  o f  T M A  b u t th is  will be on  the expense o f  th e  ca rb o n  d ioxide level 
an d  th e  an tim icro b ia l activ ity  o f  the  latter.
A  to ta l ae ro b ic  p la te  co u n t a t 25°C  o f  a IO6 cfu/g , com bined  w ith  the  presence 
o f  on ly  a  IO3 cfu /g  o f  H 2S -producing  bac te ria , w hich are  no rm ally  considered  as 
T M A O -red u c in g  o rgan ism s in fish, ca n n o t explain  the s trong  increase in  T M A . 
Indeed , a  h igh cell co n cen tra tio n  o f  m ore  th a n  IO8 cfu /g  o f  Shew anella p u tre fa ­
ciens is requ ired  fo r p ro d u c tio n  o f  a  T M A  level no rm ally  fo und  in spoiled fish 
(D a lg a a rd , 1995). T h is suggests th a t there cou ld  be a n o th e r  type o f  bac terium  in 
fish, n o t involved in the  spoilage o f  u n p ack ed  fish, w hich are  resis tan t to  60% o f 
C 0 2, a re  n o t H 2S -producing , an d  show  a  high T M A O -red u c in g  cap ac ity  per cell 
un it. T h is conclusion  is in  agreem ent w ith  the  findings o f  D a lg a ard  e t aí. (1993) 
and  D a lg a a rd  (1995) suggesting  th a t large cells o f  P hotobacterium  phosphoreum  
cou ld  be responsib le  fo r the T M A  p ro d u c tio n  an d  hence fo r th e  spoilage o f 
m odified  a tm o sp h e re  packed  fish. O n average, cells o f  P. phosphoreum  p roduce  
several tim es m o re  T M A  th a n  cells o f  S. pu trefaciens  (D a lgaard , 1995)
It can  be co n c lu d ed  th a t packaging  o f  cod  fillets in m odified a tm osphere , 
co n ta in in g  60%  C 0 2 a n d  40%  0 2 (1 p a r t o f  gas an d  1 p a rt o f fish), and  sto ring  
at 6°C have an  in h ib iting  effect on  the  g ro w th  o f  the  norm al T M A - and  H 2S- 
p ro d u c in g  flo ra  (Shew anella putrefaciens). H ow ever, these cond itions a re  less ef­
fective on  the  in h ib itio n  o f  the g row th  an d  activ ity  o f  the T M A O -reduc ing  large 
cells o f  P hotobacterium  phosphoreum , which a re  n o t H 2S -producing , a n d  show  a 
high resis tance ag a in s t 60%  C 0 2. In  o rder to  decrease the  T M A O -red u c tio n  by 
P. phosphoreum  0 2 can  be added  in th e  packag ing  a tm osphere .
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